AD©A099 017 ISTITUTO DI METROLOGIA GUSTAVO COLONNETTI TURIN (ITALY) F/6 p/S 
ABSOLUTE GRAVITY MEASUREMENTS IN THE UNITED STATES OF AMERICA. (U) 
NOV BO I MARSON, F ALASIA AFOSR~80-0157 

UNCLASSIFIED R=162 AFGL-TR-81-0052 NL 


1 oor t 
ape 


END 
ate 
ioe 
6-8! 
orice 


oe ‘We (2D = 


Iginio/ MARSON antO 


~~ 

maa 
cy Universita 
op) 

op) 


Trieste, Italy 


and 


Torino, Italy 


~7 hdary Sap ore ies ELECTE aes 
a it i ia" tti" 
: stituto di Metrologia olonnetti S MAY { 5 1981 : 


Cimamed] B72 | 
i Final Refert. 5 May MD— 4 JulgsaPE0, 


Approved for pubjic release; distribution unlimited D120 | 
-AF OS R-3b6—-$157 


Prepared for a 
AIR FORCE GEOPHYSICS LABORATORY L K AD 
AIR FORCE SYSTEMS COMMAND 

UNITED STATES AIR FORCE 


HANSCOM AFB, MASSACHUSETTS 01731 


and 


EUROPEAN OFFICE OF AEROSPACE RESEARCH AND DEVELOPMENT 


LONDON, England 
, _ B92B¥S7 pe 


Qualified requestors may obtain additional copies from the 
Defense Technical Information Center, All others should . 
apply to the National Technical Information Service. 


a SI min scieeee : ; ; Sea 


SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 


REPORT DOCUMENTATION PAGE 
. REPORT NUMBER / 2. GOVT ACCESSION NO] 3. RECIPIENT'S CATALOG NUMBER 
AFGL-TR-81-0052 M409? O/ 


4 TITLE (and Subtitte) $§ TYPE OF REPORT & PERIOD COVERED 


Final - 
ABSOLUTE GRAVITY MEASUREMENTS IN THE 5 may 1980 - 4 july 1980 
UNITED STATES OF AMERICA 6 PERFORMING O2G. REPORT NUMBER 


R 162 + 


8 CONTRACT OR GRANT NUMBER/(s) 


AFOSR-80-0157 aie 


7. AUTHOR(s) 


Iginio MARSON and Franco ALASIA 


{ av 

9 PERFORMING ORGANIZATION nae AND AQORESS 

{Istituto di Metrolagia "G. Colonnetti" 

Strada delle Cacce 73 
10135 TORINO, Italy 
11. CONTROLLING OF FICE NAME AND AOORESS 

Air Force Geophysics I.aboratory 

Hanscom AFB, Massachusetts 01731 
Monitor/Bela Szabo/I.W 


4. MONITORING AGENCY NAME & ADDRESS if different from Controfling Office) 


10. PROGRAM ELEMENT, PROJECT, TASK 
AREA & WORK UNIT NUMBEPS 


1230/68 and 1230/A 
DMAOO0AA 
{2 REPORT OATE 
12 november 1980 
13. NUMBER OF PAGES 


68 (text, tables, figs., Appendix) 


SECURITY CLASS (of this report) 


60 fe 


1§ 


Unclassified 


“fSea. DECLASSIFICATION DOWNGRADING 
SCHEDULE 


ante A Be 


16. OISTRIBUTION STATEMENT (of this Report) 


Approved for public release - Distribution unlimited 


17. DISTRIBUTION STATEMENT (of the ebstract entered in Block 20, if different from Report) 


18. SUPPLEMENTARY NOTES 


ee TE Es ne AE SE ER AE GT SET TE oa, 


19. KEY WORDS (Continue on reverse side if necessary and identify by block number) 


Absolute gravity measurements 


20 ABSTRACT (Continue on reverse side if necessary and identify by block number) 


‘The measurements of gravity acceleration described in the report were performed in 1980. 
within @ grant program sponsored by the US Air Force. The introductory part of the report 
illustrates the transportable absoljute gravimeter and ancillary instrumentation used in 
measurements, and describes the measurement method applied; uncertainty and errors are 
analysed as well. Measurements of gravity acceleration made in Europe prior to the USA 
Program are alsa briefly considered before a de’ riled account is given of the measurements 
made in the USA. the numerous tables in the tt and at the end of the report form an 


SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered) 


DD 1 ones 1473. eorrion oF | ov 651s opsoLere Unclassified | 


SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered) 


essential! part of it Six staLions were observed in the USA and approximately 100 measu- 
rements made per station. The results show an overall! uncertainty in g measurements 
of the order of 10 #Gal. 


Accession For 


NTIS GRA&I 

DTIC TAB 
Unannounced O 
Justificatio 


By 
Distribution/— 


Availability Codes 
Avail and/or. 
Dist Special 


—— ee 
SECURITY CLASSIFICATION OF TH! > ASESWhen Data Er 


The work described in this final report was developed in the framework of an 
international grant programme for basic research of the US Air Force Office of 
Scientific Research, grant n° AF OSR-80-0157. 


For the realization of the programme contributions were given by 

- Italy : A. Bray, contractor representative, Director of the Istituto di 
Metrologia "G. Colonnetti" (IMGC), Torino; G. Cerutti, physicist, main 
investigator, researcher at IMGC; I. Marson, physicist, principal investiga- 
tor, assistant professor at the University of Trieste; L. Cannizzo, higher- 
grade technician at IMGC; F. Alasia, higher-grade technician at IMGC. 
U.S.A. : B. Szabo, programme manager, Senior Scientist at the Terrestrial 
Sciences Division, Air Force Geophysical Laboratory (AFSC), Hanscom AF 
Base; W. Spita, gravimetrist, Geodetic Survey Squadron, DMATC, Warren 
AFB, Wyoming; J. Hammond, physicist, Geodesy & Gravity Branch, 
Terrestrial Sciences Division AFGL. 


Measurements in USA were carried out by I. Marson, F. Alasia, W. Spita. G. 
Cerutti gave his cooperation also in preparing the report. 
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Italy developed, in cooperation with the Bureau International des Poids et Mesures 
(BIPM), Sévres, a transportable absolute gravity meter, with 10 «Gal uncertainty 
(«). This instrument has been used in the past five years to determine the gravity 
acceleration in 23 European sites to improve the Internationa) Gravity Standardi- 
zation Net (IGSN 71) (*). Moreover, six absolute stations had been observed 
during a previous USA campaign in 1977 (ex). 
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Boulder, Colorado; Alamogordo, New Mexico; Mc Donald Obs., Texas; Sheridan, 
Wyoming; Great Falls, Montana; Anchorage, Alaska. 
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Symbols and Abbreviations 


value of gravity acceleration (*) 


eres value of g corrected for tide effect | 
| ge final mean value of gravity acceleration at height h from pillar 
surface, normalized at a reference fringe number and corrected for 
| electronic delay | 
9, gravity value reduced to reference Jeve! (floor or pillar surface) 
(ee) 
h 


determined 


{ 
height from ground or pillar surface of the point where g_ is | 
standaid deviation 


standard error 


N number of interference fringes in the traiectory of projected body ' 
Nm total number of g measurements at each station \ 
N. number of reference iringes t 
t time interval between the two passages across the higher station t 
during one trajectory 
T time interval between the two passages across the Jower station 
during one trajectory 
T.C. Earth tides correction 


U.Time Greenwich mean time (Universal Time) 


N.V.T. REJ. Non vertical trajectory. Rejected 


(xe) The value of g is given by the formula 
i ge 22 (N - 0.25) 
T -t 
where 1 -- 0.632 991 4122 um is the wavelength of the He-Ne laser beam. 


ad 


According to the resolution of the WG 2 of the International Gravity 


Commission, the Honkasalo term has not been included. 


nan A rat teem pater = 


L THE IMGC ABSOLUTE GRAVITY METER 


11. Measurement method 


The method adopted consists of the observation of the symmetrical free 
fall of a body in the gravitational field of the earth. 


The advantages of this method are well known: relative freedom from 
residual air resistance and higher accuracy in time measurements, owing to the 
symmetry of the motion. 


An cbject is projected vertically upwards and, in its rise and fall, it 
crosses twice two stations separated by distance L, whose value is accurately 
determined. 


Two time intervals, T and t, corresponding to the two passages across the 
lower and upper stations respectively, are measured. The value of the acceleration 
due to the gravity force of the earth is given by 
2) 


g=8L/((T? -t (1) 


The vertical gradient of the gravity force being assumed as constant along 
the whole trajectory, the value of g obtained from (1) corresponds to a point 
situated at height 


z=L/6+1/3 x H/6 (2) 


from the apex of the trajectory downwards (1 is the distance between the apex and 
the upper station and is negligible with respect to L). 
The repeatability of the trajectory at each station and the determination of the 


apex are obtained with an uncertainty lower than 1 mm. 


1.2. Technical description 


The essential] parts of the apparatus are a Michelson interferometer and a 
long-period seismometer (~20 s) (Figure 1). On the inertial mass of the 
seismometer is placed a corner cube (ccl) forming one mirror of the interferome- 
ter and the reference fixed point. The radiation from a stabilized HeNe Jaser is 
used. A second corner cube (cc2) is projected vertically in a vacuum cylinder 


(~0.1 Pa) and forms the movable mirror of the interferometer. Two 


} 
} 
4 
t 


photodetectors (Ph a, Ph b) detect the interference fringes during the vertical 


motion of the corner cube and drive the electronic counters of the flight time and 


the trajectory length. 


1.3. Measurement techniques 


No physical standard of length is used, therefore measurements start at a 
pre-determined but arbitrary instant on the upward trajectory. At that point, 
fringe counting begins by means of a bi-directional counter guided by the signals 
of two photomultipliers. Simultaneously, computation of the total flight time 
begins as well. Another time counter is reset by each fringe in the rise and is 
stopped only by the first fringe in the fall motion, owing to phase relation 
inversion of the photodetector signals at the apex of the trajectory. This time 


interval is quantity "t" in eq. (1). 


The upper station is therefore placed at the last fringe in the upward 
motion. If N is the total number of fringes recorded in the upward motion and .\ 
the wavelength of the laser radiation, then 


A 
L=N +- (3) 


In the downward motion the counter counts the number of fringes in decreasing 


order, and when it reaches fringe 0, it stops counting of time T. 


1.4. Errors 


a) Distance measurement 


{t is directly connected with the measurement of the value of the 
Jaser light wavelength and with ils stability. A maximum relative error of 5x107”, 


corresponding to + 5 Gal, is expected. 


Therefore, the laser wavelength is measured before and after each 


measurement trip. 


Microseisms influence the determination of distance, as they alter the 


position of the fixed mirror. 


These effects have been reduced by ~ 20 times by placing the fixed corner 


cube on the inertial mass of the seismometer. 


The mechanical shocks of the catapujt on the movable corner cube can be 
a source of disturbance for the experiment; for this reason, measurements begin 
with a pre-determined delay with respect to the STARTING POINT in order to 
avoid vibration of the corner cube. 


b) Laser beam verticality 


Verticality is obtained using a mercury poo]. The error must be less 
than 104 rad in order that errors in "g" measurements can be tess than 5 «Gal. No 
correction was applied to the g value for this error, but a + 5 «Gal uncertainty 


was introduced in the overal! evaluation of measurement uncertainty. 


c) Trajectory verticality 


Deviation from verticality must be Jess than 104 rad over the whole 


trajectory, to obtain homogeneous visibility ( > 80%). 


d) Movable corner cube rotation 


wt eo ee ee ee ew 


Rotations must be less than 0.03 rad/s. The corner cube must be 
adjusted so that the optical and gravity centres coincide within 0.1 mm. 


e) Time determination 


A rubidium time standard is used, with 19719 stability approximately. 
A Hewlett-Packard counter, with + 1 ns resolution is used to determine time T. 
The "start" and “stop" pulses, obtained from the fringe counter, are affected by 
the delay-time of the circuits used, which introduce a systematic error of 5 ns + 
0.5 ns in the determination of T. 
In total, the uncertainty in T measurements is of + 1.5 ns corresponding to 
approximately + 6 «Gal in g determination (indicated as uncertainty of d.t.c. in 
the tables). 
The error in the determination of t is much higher, owing to the fact that a 
counter with + 100 ns resolution is used. 
Yet, being 
t« T 


the error on t becomes negligible. 
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f) Other influence factors 


The presence of magnetic fields induces electrica] currents in the 
metal of the corner cube during flight. To avoid this effect, all the metallic parts 


are made of amagnetic material. 


The elastic of the catapult may have an electrostatic charge, and the 
movable corner cube may be charged by residual) air. The elastic is therefore 


protected by a grounded metallic tube. 


Moreover, if the trajectory is vertical, the tube is perfectly centred with 
respect to the corner cube, so that the capacitance between them keeps constant 


during flight and its effect is negligible. 


No corrections were made for buoyancy or for reduction of the 


wavelength of the laser light caused by residual air. 


g) The measured g value corresponds to a height of ~0.8 m from the 
ground. To reduce it to this Jevel, the vertical gradient of g has to be measured, 
and a correction applied. Two relative gravity meters, La Coste Romberg G-131 
and La Coste Romberg 0-26 (for Anchorage), have been used. 
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The results obtained at the individual stations, together with their measurement 
uncertainties, are given below. Ah represents the difference in the heights at 


which the gq gravity difference was measured. 


Vertical gradient of g at the different stations 


Site Ah (m) Ag(uGal) Ag/Ah (uGal/m) 
Boulder .780 + .001 181 +3 232 +3 ' 
Alamogordo .780 + .001 245 + 2 314 +2 i 
Mc Qonald .780 + .001 317 +2 407 +2 | 
Sheridan -780 + .001 200 +2 256 + 2 
Great Falls .780 + .001 242 +2 310 +2 i 
Anchorage -780 + .001 206 +2 264 +2 


A typical example of the evaluation of errors is given below, as well as their 
overall evaluation. 


Source of error Estimated uncertainty 
( Gal) 
1) Laser wavelength +5 
2) Beam direction +5 
3) Time interval T ( +1.5 ns) +6 
4) Gradient of g +2 


The uncertainty in the g value is thus + 10 «Gal, calculated as the square root of 
the sum of the squares of the individual errors. 


2. PREVIOUS MEASUREMENTS 


{ 
As was said before, 23 European sites and six in the U.S. had been ¥ 
determined (Figure 2). 


As relevant information, the agreement of the Italian apparatus with 


Sakuma's gravity meter and its repeatability are given in Tables A and B. 


TABLE A Comparison with Sakuma's value of "g" at Sévres 
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Station, date 9. m M 

( uGal) (Gal) (uGal) 
Sevres A, by Sakuma 980 925 900 i 
Sévres, May 1976 980 925 892 20 2.0 \, 
Savres, June 1976 980 925 902 17 1.8 t 
Sévres, January 1977 980 925 896 19 2.1 4 
Sévres, March 1977 980 925 906 17 1.9 ' 


TABLE 8 Repeatability of the measurements in the same station 


Station, date 9. m M 
( a Gal) (Gal) (uGal) 
Sévres, May 1976 980 925 892 20 2.0 
Sevres, June 1976 980 925 902 17 1.8 
Sévres, January 1977 980 925 896 19 z.1 
Sévres, March 1977 980 925 906 17 1.9 
; 
Gavle, July 1976 981 923 527 19 1.6 
Gavle, August 1976 981 923 533 17 1.9 
Gavle, September 1976 981 923 524 20 3.1 
Torino, July 1976 980 534 256 26 3.1 
Torino, October 1976 980 534 251 25 4.1 
Torino, June 1977 980 534 259 25 2.6 
Torino, September 1977 986 534 259 30 3.3. 
Bedford, Mass, Oct1977 980 378 671 24 2.4 
Bedford, Mass, Dec 1977 980 378 675 29 3.6 
3. U.S. MEASUREMENTS 


Fram May 26 to June 29, 1980 the IMGC apparatus was used in the United 
States. The basic criteria for site selection were the establishment of a high- 
precision Calibration line running from Mc Donald Obs. (Texas) to Gree. Falls 
(Montana). Studies concerning monitoring of gravity field variations in a seismic 


area suggested the observation of the site in Anchorage (Alaska). 


The following stations were therefore selected: 
Mc Donal Obs., Texas 

Alamogordo, New Mexico 

Boulder, Colorado 

Sheridan, Wyoming 

Great FaJJs, Montana 

Anchorage, Alaska 

which are described in the Appendix. 


Some comments are necessary about measurements in Alamogordo, N M, a 
site already observed in 1977 with the IMGC apparatus and subsequently with 


Hammond's. 


Results indicated significant discrepancy between the two instruments (80 


uGal). Measurements carried out with both instruments in other sites (Bedford, 


Denver) did not show the presence of systematic effects that could account for 


this high discrepancy. Therefore simultaneous measurements with both instru- 


ments were organized in Alamogordo in 1980, to explain this ambiguous behaviour. 


The measurements in question were carried out in three days. The results 
obtained by the IMGC instrument on May 31, 1980 are quite different from those 
of June 2 and 3. In fact, the results of May 31 are in very satisfactory agreement 
with those of 1977, whereas the results of June 2 and 3 indicate better agreement 
with Hammond's instrument. In an attempt to find an environmental! condition that 
could have affected the 1977 measurements and those of May 31, 1980, it was 
found out that in both periods a system for gyroscope testing was operating at a 
few metres’ distance, and that it was switched off on June 2 and 3. As the system 
was Of a classified character, it was not possible to have the information 
necessary for thorough understanding of the interaction between the system and 
the gravity meter. 

The gyroscope testing system was turned on again on June 3 in the afternoon, and 
once more results showed the mentioned discrepancy. Table C summarizes the 


results of the various measurements. 


A synopsis of the results of the measurements carried out in the United 


States are reported in Tables C and D. 
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TABLE 


Cc 


ALAMOGORDO MEASUREMENTS 


Date g Reduced Error Note 
Cu Gal) (Gal) 
Nov. 3-7 1977 979 139 513 11 Gyro. Test. Syst. on 
May 31 1980 979 139 516 ll " " ie 
June 3 1980 979 139 519 15 " es 
June 2-3 1980 979 13954 12 _ " "off 
TABLE OD 
Synopsis of U.S. Measurements 
Site Date g Reduced Error 
( “ Gal) ( uGal) 
Boulder, CO May 26-27, 1980 979 608 498 11 
Alamogordo, NM June 2-3, 1980 979 139 584 12 
Mc Donald Obs, TX June 6-7, 1980 978 820 097 ll 
Sheridan, WY June 12-14, 1980 980 209 007 ll 
Great Falls, MO June 17-18, 1980 980 497 412 10 
Anchorage, AL June 27-28, 1980 981 928 998 10 
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The station is about 8 miles weet of Alamoyordo at the north cide of heliomen 

Air Force Base in the Advanced Inertial Te:t Laboratory (hoilding 1256), 
Nbservations were made in the basement Jevel in Room 10 (the norticacter:. moset rons 
of the bas-ment), on the round concrete pier, midway between the center and the - 


Leen edge of the pier. 
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Cis? feet, station is JQO0 meters NE of Trig. Station  __. Bb Sores Se a 
cesce OO N The station is 1? miles northwest of Ft. Davis on Mt. Locke at the MeMonale 
Observatory. To reach from the courthouse in Ft. Davis go 15 miles northwest along 
Texas Highwav 118, then turn right and go southeast 2 miles along Spur Road 75 to 
McDonald Observatory. The station is east of the top of the mountain,ar the end of 
the read,in the 107 inch Telescope Building, ground level. Observations were made it 
the nortneast side, in Room 103, 1.8 meter east of the west wall and door of the rewr 


and 1.1 meter south of the nort! wall, on the tile flowr. 


GSS Code: 11°S04 ms fee aS 8. Loe er 2a 5 a eae 
SLAGRAM FHOTCGRAPH _ Wall a 7 

Parking 107 inch Telescope Building, Nh H a 

Uy 


To 82 inch 


telescope 


Road 


Cid 


McDonald 
Observatory 


hE a ran en oe : a aan cme ; 
DESCRIET SD PECOVEREC BY AGENCY batt 
W.G. Spita DMAHTC/GSS June 1980 


DMAHTC FORM 8250-9 (GSS) MAR 79 Supersex 5 DMATC FORM 8250-9 (GSS), Oct 77 
which will be used until stack is exhausted. 
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DESCRIPTION Absolute Site Sheridan Ab 
COer STR Lib ROWING! vy a 
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The station is abour 2.5 miles south of the center of sheridan, west of Wvoming 
Hivthwav #5353, at the Wyoming State Girls School, in Stolt Hall (Administration ! 
building). Observations were made in the hasement, east of the boiler room, near 

the nertheast coruer of the large room used for arts and crafts, in a smal] stcrege i 
room. The station ds P.O meters north of the south wall of the room, 0.9 meters 

eott Of toe went wall, 1.6 meters west of "AA" (the AFGL station), and 2.5 meters 
west of the Cask, om the concrete floor. \ 
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The’ station is at the. west side of Great Falls on ‘Gore Hild, ‘south of the wad rpert 
and at the south side of the intersection of Avenue C and Second Stieet, at the 
CPT William W. Galt US Army Reserve Center. Observations were nade near the 
south side of the building in the firing range, northeast end, 1.5 meter: seurle 
west of the middle firing stall (also 1.5 meters from edge of carpet). The 
station is midway hetween the northwest and southeast walls, 2.0 meters souts 
east af the disk, on the concrete floor. 
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Station Is at che Sat heac at anehoranes about 0.5 miles southeas: OF 
ion of East 68tii Avenue and Abbott Loop Road, at the Bureau of Land 
chorage District Office. Observations were made in the office building 
nt, westside, in the storage room which is southeast of the Aucic-Visua 
mand southwest of Koom 10B (a hallway). The station is 1.3 meters. 

the southwest wall of the room and 1.6 meters southeast of the morth- 

the concrete floor. 
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